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1. Introduction 



The CADLINC Series 80A Processor board consists of a Motorola 
68000 central process ins unit* RAM and PROM aeaory* soae I/O facili- 
tiesr a local HIGHSPEED aeaory bus and an IEEE-796 MULTIBUS * inter- 
face. Onboard aeaory consists of 4 JEDEC style byte-wide PROM sock- 
ets* and 256K bytes of dynaaic RAM. The I/O facilities are two serial 
coMunications ports* a 16-bit bidirectional port and a 5 channel pro- 
grammable timer. 

The Series 80A Processor can be used as a standalone systea with 
only a power supply* backplane and serial terainal* or as part of a 
fully intesrated coaputer systea that can include the CADLIMC GRAPHICS 
CONTROLLER* ETHERNET board* MULTIFUNCTION board* DUAL PORT HEHORY 
boards* FLOATING POINT Processor board* INTELLIGENT SERIAL CONTROLLER 
board and aany other MULTIBUS coapatible peripherals. 



t MULTIBUS is a tradeaark of Intel Corp. 



2. Overview of Operation 



2.1. Central Processing Unit (CPU) 

The Motorola 66000 has a 16-bit data bus and a 23-bit address 
bus. The internal resisters are 32-bits in lensth. It has 8 data and 
7 address registers* 2 stack pointers* a progran counter* plus a 16- 
bit status word. Operations on data nay be byte (8)* word (16)* or 
Ions word (32 bits). Operations on addresses nay be of word or Ions 
word lensth. All registers nay be used as indexes. The 68000 has 2 
states of operation! Supervisor and User for enhanced systen integrity 
and security. 

2.2. Henory 

Onboard PROH consists of 4 JEDEC style PROH sockets that can 
accept 2732* 2764* 27128 or 27256 type ROMs (total capacity of 16K* 

32K* 64K or 128K bytes respectively). 

Onboard RAH consists of 36 64K x 1 dynanic rans giving a capacity 
of 256K bytes with parity. RAH refreshing is done by a PROH nonitor 
routine that executes 128 NOP instructions every 2 nilliseconds* The 
progrannable tiner generates the Non-Kaskable- Interrupt* 

2.3. Buses 

The CAOLINC Series 80A Processor has 3 bus structures. The first 
is the internal synchronous bus for Systen accessed I/O and Henory 
Hanagenent* the second is a proprietary synchronous HIGHSPEED BUS on 
the Auxiliary HULTIBUS connector for expanded DUAL PORT HEHORY* FLOAT- 
ING POINT and ENHANCED SERIAL Processor boards! and the third is the 
HULTIBUS for expanded off-the-shelf peripherals* i.e. Disc controll- 
ers* ETHERNET* GRAPHICS CONTROLLER* etc. Systen I/O devices and 
onboard RAH do not reauire the use of the HULTIBUS. 

Advantages are! 

1. Onboard nenory accesses are faster than the Hultibus. 

2* The HULTIBUS is then available for use by 
other bus nasters without having to contend 
for priority very often* 

3. DUAL PORT HEHORY responds as fast as onboard RAH 
and is innediately available to other bus nasters. 

The Systen I/O devices* onboard PROH and 256K bytes of Local RAH 
are not accessible to other bus nasters. 




2.4. Input - Output Devices 



The Series 80A Processor board has s duel channel UART chip* 5 
prograaaable tiaers* end e 16-bit bidirectional port for general pur- 
pose use. One of the UART's channels is configured to coaaunicate 
with a terminal or CADLINC keyboard depending on the PROH Monitor sup- 
plied. The other channel can be Juapered with another coaputer or a 
second terainal. The line drivers and receivers are RS-423 coapatible 
and the connector pinouts are RS-232-C configuration. Two of the five 
16-bit counter/tiaers are dedicated baud-rate generators for the UART 
chip* one tiaer channel for each serial channel. One tiaer is dedi- 
cated to generate a 2-aillisecond interrupt to refresh dvnaaic RAH. 
One of the two regaining tiaers is available for user applications. 
The other acts as a ‘Watchdog* tiaer to autoaatically reset the systea 
if the PROH aonitor prograa has lost control. The 16-bit bidirec- 
tional port is designed for reading options selections froa a bank of 
switches and to write status inforaation to a static display. • 

2.5* Interrupts 

The 68000 has seven interrupt levels and a current interrupt 
level aask. An interrupt will be processed if its level is greater 
than the current aask. Level 7 * the highest priority* is Non-Haskable 
and will always interrupt any task. This level is reserved for the 
dynaaic RAM refresh routine. 

The standard MULTIBUS configuration defines interrupt levels INTO 
to INT7 * with INTO being the highest priority. The CADLINC Series 80A 
Processor defines priorities according to the Motorola conventions 
with INT7 as the highest. INTO* then* is not iapleaented and INTI is 
the lowest priority. 

Preassigned interrupts on the CADLINC Series 80A Processor are as 
follows! 

INT7! Refresh tiaer (Non-Maskable) 

INT6! User prograaaable tiaer 
INT5! UART generated interrupts 

Interrupts are processed by the 68000 in ‘Auto-Vector* aode only. 
Transfer vectors are supplied froa an internal table* so the inter- 
rupting device need not supply a vector. 

2.6. Boot State 

At power-on or whenever a hardware reset is done* the Processor 
enters Boot State. In Boot State* the first onboard PROH pair overlays 
RAM starting at location 0. All reads then coae froa PROM* but writes 
can go to RAM. This enables the 68000 to fetch its initial prograa 
counter and systea stack pointer froa PROM locations 0-3. RAH* then* 
aay also be initialized. All interrupts* including the Non-Maskable 
INT7* are disabled by hardware. When Boot State is exited* Non- 
Maskable interrupt is enabled* but Maskable interrupts will depend on 
the current aask level. 




Boot State is terminated by one write to the System Access loca- 
tion CLEARBOOT. See Device addresses* 

2.7. Memory Management 

The Hemory Management system has been designed to support a 
multi-tasking operating system. The concept# in short# is that of 
translating# or mapping# Processor address bits A12-A21 (or A22) into 
physical address bits MA12-MA23# along with Protection# Address Space 
Allocation and Page Control information about each Page. 

All accesses to local RAM and to MULTIBUS memory and I/O are 
translated and protected in the same manner. 

Hanaged Address access is initiated by Processor address bit A23. 
When it is 'on'# Memory Management is disabled and indicates a System 
Access is to be performed. When it is 'off# then the Processor 
addresses A12-A21 (or A22) combine with pre-programmed Context bits to 
fora a Pointer into a 4K x 20 bit Array. The output of this Array con- 
tains the 12-bit Napped physical address and 8 Protection and alloca- 
tion bits. The 12 Managed Addresses combine with the lower 11 Proces- 
sor addresses to form the 23-bit physical address# giving a full 16H 
bytes of physical space. 

There are two modes of combining Context bits with Processor 
addresses! One- with 1 Context bit# hence 2 levels of Context# the 
other with 2 Context bits having 4 levels of Context. In the first 
mode# Context bit CXO combines with Processor address bits A22 and A21 
as the most significant bits into the Array. In the second# Context 
bits CXI# CXO and Processor address A21 are the most significant. 
Hence# the first mode wields 2 Contexts of 8M bytes each and the 
second yields 4 Contexts of 4H bytes each* 

Context bits CXO and CXI are accessable via a System Access loca- 
tion. See Device Addresses. 

During a System Access# hardware automatically swaps the upper 
Processor address and Context bit(s) with lower Processor address bits 
A2-A13. This allows a program in Supervisor state to access every Con- 
text by manipulation of A12 and A13 during a read or write to the Sys- 
tem Access Map location. 




3. Theory Of Operation 



3*1. Introduction 

The Processor divides up its 16 Mbytes of address space into two 
8 Mbyte regions ! System Space and Managed Space. System space 
comprises the on-board PROMs* Tiaeri Uart* Parallel Port and Memory 
Management registers. Managed space consists of Local Memory* the 
Highspeed bus and Hultibus accesses. 

Managed space is divided into 2 (or 4) Contexts* each capable of 
containing processes as large as 8 Mbytes (or 4 Mbytes) in physical 
memory. The Hemory Management Unit contains 4096 entries that filter 
Virtual Processor addresses into Physical addresses and supports the 
full 16 Mbytes of physical space. 

3.2. Control Logic 

See schematic drawings 4SD295014 

See Appendices F and G for firmware codes. 

See Figure 1 Control Block Diagram 

The Series 80A Processor board makes extensive use of Programm- 
able Array Logic I.C.s to perform necessary command timing and direc- 
tion control. Figure 1 is an overall block diagram that shows the 
flow of input control and output command signals. 

The following State Tables and Timing Diagrams describe in gen- 
eral the actions of the control logic. Refer to the PAL eauations in 
Appendix G. 

After leaving Boot State* the control logic decides what Space a 
virtual address will attempt to access on every 68000 cycle bv the 
main Address Strobe (as-) and the level of address bit a23» If s23 is 
high* a System Access is reauested and* if the 68000 is in supervisor 
state* then On-board devices* Memory Management ram and Boot clear 
accesses are allowed* If a23 is low* then some Managed Access is 
reauested and different logic is enabled based on the state of Page 
Control bits (Bus I Local! b/1-* and 1/0 I Memory! io/m-). They are 
stored in the Memory Management Ram along with each page of the 
translated Virtual to Physical addresses. 
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State 



Description (See Figure 2) 




Table 1 - System Access State Flow 



Note! Numbers within 'O' refer to ballooned numbers in 
the Figures • 















State 
State 6* 

State 7. 
State 8* 



Description (See Fisure 2) 

cs6 asserted* iorc- or iowc- accerted for access to I 
the Timer or UART. i 

cs7 asserted* No action* 

cs8 asserted* No action* 



State 9* I cs? asserted* No action* 



State 10 

State II 

State 12 



cslO asserted* cslO Sene rates dtack- to the 68000* 

No action* 

Cycle terminates* Negate all strobes (#12) » Negate I 



all Clock States (#13) » Slave keeps Data bus valid I 



until #11* Nesate Data Bus on a Write cycle (#15). I 



I 



Table 1 - System Access State Flow cont'd 



Note* Numbers within 'O' refer to ballooned numbers in 
the Figures* 
















Table 2 - Managed Access State Flow for Highspeed Access 



Note* Numbers within '<)' refer to ballooned numbers in 
the Figures# 











State: 



State 4. 



Description! (See Figure 3> 

cs A <*7) asserted* Multiplexed Addresses now 
switch to upper Processor addresses (*8c). 
cs.vait- disabled* 



State S* 



State 6. 



csS (#7) asserted* m_cs5- asserted (*8b) indicat- 
ins the Multiplexed Address Bus is valid* Proces- 
sor dtack- asserted* 

No action* 



State 7* I Data Bus a.d0:i5- captured on a Read cycle 

<*10 I * 11 ). 

State 8. I Cycle terminates. Negate strobes (*12)* Negate all 
Clock States <*13)» Negate a_prea- (#16) . Negate 
Data Bus m_d0515- on a Write cycle (*1S)» 



Table 2 - Managed Access State Flow for Highspeed Access cont'd 



Note: Numbers within 'O' refer to ballooned numbers in 
the Figures*' 
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Table 3 - Managed Access State Flow for Multibus Access 



Note? Numbers within 'O' refer to ballooned numbers in 
the Figures* 









State 



Description: (See Fisure 4) 



State S + Wait. 



State 6 + Wait. 



State Last -2. 



State Last -1. 



State Last. 



csS (#7) asserted. Processor addresses aOl'.allrl 
Manased addresses aal2!23 and the state of the aOOl 
latch are clocked into the Hultibus Address resis-l 
ters. If aen- is asserted* the Addresses arel 
driven onto the Hultibus b.a0*a23-. cen- is alsol 
Senerated and enables the Hultibus contend driver. I 



A Hultibus contend (iowc-* iorc-> awtc- or trdc-) I 
is senerated and buffered to the Hultibus I 
(b.iowc-* b_iorc-» b_awtc- or b_trdc-) if cen- is I 
asserted. I 
All cottand* data and address drivers andl 
receivers now retain active until b-xack- is I 
received frot the tarset device. I 

b_xack- is received frot the Hultibus. Processor! 
dtack- is asserted. Current cycle besins to ter- I 
ninate. If the cottand was iowc-* dtack- asserted! 
will nesate it earlier than the other cottands. I 

I 

i 



No action. 



Cycle terainates. Nesate 'strobes (#12). -Nesate all! 
Clock States (#13). Nesate current cottand. I 
Nesate bas- (#16) and allow other Hultibus Hastersl 
to be Sranted. Nesate Data Bus b.dOUS- on a Write! 
cycle (#15). ! 

I 



Table 3 - Manased Access State Flow for Hultibus Access* cont'd 



Note! Numbers within 'O' refer to ballooned nutbers in 
the Fisures. 







3.2.1. Command Generation 

See Schematic #295014 Pastes 5 and 1 for specific IC's ant their loca- 
tions. 

See Figure 5 - Clock State Generator and Figure 6 - Com and Generation 
for an overview of the logic. 

See Appendices G.l through G.5 for detailed PAL codes. 

The major system clocks on the Processor board (clOO? c200 and 
c400) are produced by dividing the Raw crystal oscillator output c50 
(Pg 5 IC El) by 2? 4 and 8 ? respectively? by a fast four-bit counter 
(IC F2) 

CoMand Timing relationships are synchronized by the use of a 
Clock State Generator (Pg 5 IC H2)? which is a 74S29? Octal Shift 
Register with controls. The clock into the Generator is c50 double 
buffered? so that when shifts are enabled? their outputs will so to 
the 'high* state on each edge of the 68000 system clock clOO. 

The outputs of the generator are Clock State signals? labeled cs3 
to cslO. The 68000 drives its coaaands? as-? Ids- and uds-? relative 
to 'high* states of the systea clock clOO. A cycle begins at State 0 
with negating the address bus and drives the coaaands at State 2. The 
first State after as- is asserted is always cs3. 

The reset input of the Clock State Generator is none other than 
as- froa the 68000? inverted? thus enabling it on every 68000 cycle. 

The chip has two operating states once enabled? 'Shift* and 'Do 
Nothing*? controlled by cswait- froa PALP3 (Pg 5 IC F6). System 
Accesses do not rectuire inihibiting the Clock State generator? so only 
Managed Accesses (those with address a23 low and Boot off) need con- 
trol cswait-. 

When cswait- is used? it aust coae before cs4 is shifted in. cs3 
generates RAS-? cs4 multiplexes the Dynamic Ram address lines and cs5 
generates CAS- on the bank selected by Managed Address aal7. 



j 
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QD 




Igure 



5 ~ Clock State Generator Circuit 









Fiqure 6 “ Commond Genero+ion 





3.2. 1.1. Status Commands 

See Appendices G.l through G.5 for detailed PAL codes. 

See Figure 6 - Command Generation for layout of logical functions. 

The Status Commands returned to the 68000 are reset-, halt-, 
berr- and dtack-. halt- and reset- are discussed below. 

To acknowledge the 68000's data transfer to the various spaces, 
dtack- is enabled by two Clock States! cs5 always and cslO for Systea 
Accesses and the special aode if an 1-0 Write to Multibus. 

During a Managed Access, dtack- will latch itself on if no error 
is present (by berrx-). Page Control bits b/1- and io/m-» and Multibus 
response signals sen- and xack complete the necessary Iodic. The use 
of cswait- will delay asserting csS (and cslO) 

During a Systea Access, berrx- is actually asserted, but dtack- 
is now generated by cslO and is not latched. 

Error signals berr- (to the 68000) and berrx- (Extended berr-) 
are generated independently but share the saae error conditions. The 
berrx- signal is the siaple *or* of the four basic errors that can 
happen, two (2) hardware faults - Tiaeout and Parity Error, and two 
(2) Meaory ManaSeaent faults - Protection Error (saaperr-) and Invalid 
Page attenpt. 

Parity Error aeans that something is very wrong with Local or 
Highspeed Meaory and should be investigated further. Tiaeout. however, 
can be useful in locating what Multibus devices and memory are actu- 
ally installed by touching standard locations and waiting for a 
response. 

The two Meaory Management faults keep the Operating Swstea and 
the User honest by stopping access to Virtual Addresses that are Pro- 
tected or mapped Invalid. This gives the Processor board power for 
complex Operation Systems to easily manage Memory and Devices. 

When berr- occurs, the states of timeout, smaperr-. parerr- and 
berrx- are latched into the Context Register and can be valuable in 
software when handling the error. (See 3.3.1 .2 for Context Register 
definitions. ) 




3. 2. 1.2. Sastea Access Coaaands 



See Appendices G.4 end 6*1 for coaplete Iodic eauations. 

The aaJor Sastea Access Coaaands are initiated in two PALs» PALP3 
and PALPO (Pa 5 IC F6» and Pa 1 IC F5i respectively). Sastea Access 
Coaaands are those that control the access and direction of data for 
On-board devices. Most are based on address a23 in the hidh state and 
decode the specific device with a22!al9. 

Since access to On-board devices is priviladed* the 68000's Func- 
tion Code fc2 is dated to enable the conaand only when the 68000 is in 
Supervisor state. The User* then? has access to these devices only 
throuah Sastea calls or Interrupts. 

The current eouation for the sasacc- and devenab- sidnals are 
clarified as follows! 

sasacc- will be low true (Manaded Access) when! 

sasacc- = as (Address Strobe off. no cycle) 

4- as- t boot- t a23- (Not in Bootstate and a23 low) 

+ as- * boot t rw- t a23- (1) 

devenab- will be low true when! 

deveanb- = fc2 * ds * a23 * a22 (2) 

+ fc2 * ds * a23- * a22- * 3 21- * a20- * al?- * boot * rw (3) 

Product line (1) enables a Manaded Access Write durind Bootstate 
to initialize On-board Danaaic Raa. This needs to be done early in the 
Power-on Reset routines to setup valid aeaory parity for the Stack, 
area. Up to that point, subroutines could not be called and variables 
had to be in 68000 redisters. 

Product line (2) enables for Supervisor addresses startind at 
OxCOOOOO. 

Product line (3) enables for Supervisor address 0x0 durind a 
Bootstate Read. This branch forces access to PROM 0 as the 68000 
bedins to coae up after Power-on or Reset. 




3.2. 1*3. Managed Access Commands 



The majority of Managed Commands are generated in PALP4 (Pa. 1 IC 
F4) and in PALP3 (Pa. 5 IC FA). These commands include! 

Control Clock States! m_wait-» cswait-. 

Multibus Memory and HO commands! rnrdc-. *«tc-» iorc-» iowc-. 

bas-. 



Ram and Highspeed! oe.ram-. we. rami »u-. m_prea-» onbrd-. 

Page Accesses! we.mapx-. en.mapx-. 

All of the above commands are enabled by the ‘low* state of 
sysacc-. which in turn was enabled by the ‘low* state of the 68000 
address a23. The target bus is selected by b I 1— and iolm- from the 
Page map Rams, mpree- and bas- are generated by all of the same sig- 
nals. except for the state of b 1 1— (See PALP3). 

See Section 3.2.1 for discussion of cswait- and m_wait-. 

Multibus commands are not made active until cs6 is asserted. The 
seeuence of events for a Multibus acces are detailed in Table 3. 

The 110 Write command is a special case. There are many devices 
available for the Multibus and have similar command response logic for 
Memory, but HO logic on some vary considerably in their compliance to 
the Multibus specification. When doing an iowc- command, b-xack- 
asserted by the target board will cancel iowc- early, bas- and data 
drivers will stay asserted until the normal end of the cycle (dtack- 
asserted and as- negated two (2) high clock states later). 

we. rami !u- are directly buffered to the onboard Rams during all 
valid Local or Highspeed accesses, onbrd- discriminates between Local 
and Highspeed accesses and controls generating CAS- to the onboard 
Rams, oe.ram- enables the data buffers for the Local Ram and the 
Highspeed connector. m_preo- is the overall command that starts some 
Local or Highspeed access. 

The Page Access commands allow the automatic updating of the 
'used* and the 'dirty* status lines for the Page being updated. Every 
time a valid access to a Page is made, it is marked as 'used*. When 
that Page is written to. it is marked 'dirty* so that the operating 
system can keep track of memory allocations. 




3.2.2. Reset Logic 

See Schematic #295014 Page 4. 

See Figure 7 for layout of Reset functions 

In order to satisfy the 68000 reoui rements for a hard Reset* both 
reset- and halt- must be driven at the same time. 

Hard Reset is generated by *or-ins* several conditions together 
to form setinit- then buffered through two open-col lector drivers. 

Conditions that generate setinit- are as follows! 





Control 



IC D22 is a voltage comparator that will I 
trip its output when the main Power Sup-1 
ply voltage drops below 4.75 Volts. R1 I 
and C5 have the effect of slowing the I 
turn-on time of the Supply. I 

I 

External connections on the J2 Connector I 
and* through Jumper Block JB3* the Hul- i 
tibus b.init-. I 



Programmable Timer Channel 1. Usually I 
setup to be some large count value that i 
is restarted every Refresh Interrupt. If I 
the counter is allowed to count all the I 
way down* then the Refresh function has I 
somehow stopped* invalidating all of I 
Local and Highspeed Memory. I 



1 





3.2.3. Boot Logic 

See Scheastic #295014 Page 4. 

See Figure 8 

At power-up or Reset to the 68000* the Processor hoard is in Boot 
State. A hardware Reset condition (low-voltage coararator* external 
Reset switch or Prograaaable Watch-dog tiaer output) is the signal 
that sets the Boot flip-flop <Pg 4 IC H4) and is also buffered to 
drive reset- and halt- into the 68000* causing a hard Reset. (This 
does not affect the 68000 Reset instruction since reset- is then 
driven by the 68000 itself.) 

This is a teaporary condition that allows for loading the ini- 
tialization infornation into the 68000 at Virtual aeaory address 0x0. 
Boot State Bakes the first Proa address enabled at 0x0 as well as its 
noraal Systea Access address of OxCOOOOO. Once the Proa aonitor loads 
the initial starting address (soaewhere above OxCOOOOO) then the Boot 
flip-flop is reset and is only re-entered by a hardware reset. 
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Figure 8 ~ Boot Circuit 






3*2.4. Interrupt Logic 



There ere 7 allowable Interrupt levels into the 68000 CPU. The 
highest (Int 7) is reserved for executing the Refresh Routine every 2 
(or 4) Milliseconds. The next level (Int 6) is a general purpose pro- 
grammable output of the AND 9513 timer> as is the Refresh Interrupt. 

Level 5 Interrupts are defaulted to the UART for communications. 

Interrupt Levels 5 through 1 are hardware wired to the Multibusr 
with jumpers available to add 6 and 7. All 7 Interrupt signals are 
then latched into a register (PS 5 IC K6) using the 68000 system clock 
cl00. These Latched signals so to a priority encoder (Pg 5 IC K7) to 
provide a three-bit Interrupt code to the 68000 that is synchronous 
with the system clock to avoid spurious traps. 

Another function of Boot State is to disable all interrupts just 
after power-up or Reset. It's always possible for some On-board device 
or devices on the Multibus to have an interrupt level active at 
power-up> and that can cause havoc if Hemory has not yet been initial- 
ized. The boot signal in the off state enables the Priority Encoder 
I.C. output. 
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Figure 9 ~ Inierrupi Control Circuli 





3.3. Memory Management 



The Series 80A Processor Memory Management unit consists of three 
address multiplexors* 5 fast 4096 x 4 static Rams* buffers for High 
and Low word access and a 512 x 4 PROH programmed to decode Page 
Access rights. 

The processor is provided with a nap that can nap pages of 4K 
bates anywhere in the 16 Mbyte address space. During initialization* 
the PROM Monitor sets up the Page nap tables in a standard way that 
aak.es all aeaory and I/O devices available to user prodraas. User 
prograas aay change these aaps as desired* however* page 0 and what- 
ever pages are likely to contain the top of the Supervisor Stack 
should not be remapped* otherwise aeaory refresh aay fail. 

3.3.1. Systea Accesses 

Every 68000 bus cycle accesses soae Virtual aeaory location 
within the 16 Mbyte addressing range. When address bit a23 is 'on'* or 
'high'* then the current cycle is a Systea Access* hence occupying the 
upper 8 Mbytes of available Virtual aeaory. 
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3*3* 1*1* Memory Map 



The starting address for System Access to the Memory Map is 
0x800000. The signals ce.map- and we.map- are senerated by PALPO <IC 
F5). When access into the Memory Map Rams is reouested* the lower 
address bus into those Rams is multiplexed by the followinS table: 





Managed Access 
(a23 Low) 


1 

:i 

i 

_i_. 


System Access 

(a23 High) 


1 

:i 

i 

-i- 


i 

Translated Mapl 
Address! 1 

i 




cxO/cxl 


i 


313 


i 


xall 


1 




322/cxO 


i 


312 


i 


xa05 


1 




a21 


i 


all 
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xa04 


1 




a20 


i 


alO 


i 


xa00 


1 




al? 


i 


a0? 


i 


xaOl 


1 




318 


i 


308 


i 


xa02 


1 




317 


i 


307 


i 


xa03 


1 




al6 


i 


306 


i 


xa07 


1 




315 


i 


305 


i 


xa06 


1 




314 


i 


304 


i 


xa08 


1 




al3 


i 


a03 


i 


xalO 


1 




312 


i 

i 


302 


i 

.i_. 


xaO? 


1 

1 

_1 



Table 4 - Memory Manasement Address Translation 

Initially* each pase of on-board RAM is mapped so that its physi- 
cal and virtual addresses are identical. This' means that each segment* 
starting at segment 0* is fully mapped <up to the limit of available 
memory). Pages are only initialized for context 0. Page protection is 
set so that both Supervisor and User modes have Read* Write* and Exe- 
cute access to every segment. 

The enable control to the 4K x 4 is permanently active to allow 
fast access during a Managed cycle. The Write commands are separated 
into Upper and Lower enables* depending on address bit al (Schem Ps- 
i). 



Writing to the Ram that contains the four Page Control informa- 
tion is split into two conditions to generate we.mapx-1 one for the 
normal System access write (we.mapl-) and the other for updating the 
used and dirty bits <en.mapx->. 

The preferred access to the Memory Map is via long-word <32 bit) 
moves. This format places the Protection Code data bits in the ‘Low 
word** or internal data 31-16* and the Page Control and Managed 
Addresses in the 'High word* or internal data 15-0. Conseouently* Map 
0 is located at address 0x0* Map 1 is at 0x4* etc. 
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The foreat of the data bus into the Heeory Mae is as follows 












3. 3. 1.2. Context Register 

The starting address for a System Access into the Context Regis- 
ter is 0x880000. 

The Context Register is a one-word field whose hits reflect vari- 
ous status information about Memory Management integration? Refreshing 
of dynamic memory and Bus Error generation. 

The format of data in the Context Register is as follows? 




Read-Write 



Read Only 




Refresh Enable - When *one ( r indicates to Slave 
boards on the Highspeed Bus to override Upper 
Address decoding to permit refreshing of Dynamic 
rams? if any. 

Parity Enable - When *one*? allows either Local 
Parity Error detection or Highspeed Parity Error 
(m.perr-) to generate berr- to the 68000? indicat- 
ing a bad Read has taken Place. 

Context bit cxl. 

Context bit cxO. 



Latched Error! 



smsperr- (Low True). Indicates a Protection 
Code violation. 

Parity Error parerr- (Low true). 

Timeout (High true). Too ouch time taken on a 
Managed Access (Multibus or 'Local* ram access). 



dS 



Bus Error extention berrx- (Low true). True on any 
of the above three error conditions? but is also 
valid alone when access to a Page mapped 
* Invalid* » that is? mapped as 'Local 1/0*? has 
been attempted. 



Table 6 - Context Register Data Format 
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Context bits cxO and cxl provide latched address bits into the 
Meeory Hap when a Managed Access is initiated. This gives the operat- 
ing systen* like UNIX* the flexibility of switching Meeory Haps easily 
between processes. 

Hardware default enables one context bit* allowing 2 Contexts* 
each 8M bytes per process. A second context bit* cxl* can be used to 
provide 4 Contexts* each 4M bytes per process. 




3. 3. 1.3. Proits 



The four 28-pin on-board PROM sockets support the JEOEC standard 
pin assignnents for ROMs and EPROHs. The Junper block JB1 <See Appen- 
dix A) selects address bits al4 and alS to the sockets* 

Default Jumpers select 2732/2764 type 4K/8K EPROHs and allow 
expansion upwards to 27128 (16K) and 27256 <32K) type devices. 

Access to the first Logical PROM pair is allowed under two condi- 
tions. one* immediately after Reset* decodes the PROM 0 starting 
address at 0x0* the second decodes the PROM 0 address at OxCOOOOO. 

The PROH 1 address is defaulted to 0x080000 at all times. 
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3.3. 1.4. AHD 9513 Timer 

See 'The Am9513 System Timing Controller Handbook* from Advanced Hicro 
Devices for a compleat description of all of the functions of the 
chip, 

See Figure 10 for AMD's Function Diagram of the 9513 Timer, 

3. 3. 1.4.1. Introduction 

This discussion gives a Quick overview of the functions of the 
chip that the Series 80A Processor Board makes use of. 

The 9513 is a support device for processor oriented systems that 
is designed to enhance the available capability with respect to count- 
ing and timing operations. It provides the capability for programm- 
able freauency synthesis# high resolution programmable duty cycle 
waveforms# retrisserable digitial timing functions# time-of-day clock- 
ing# coincidence alarms# complex pulse generation# high resolution 
baud rate generation# freauency shift keying# stop-watch timing# event 
count accumulation and many more. A variety of programmable operation 
modes and control features allow the 9513 to be personalized for par- 
ticular applications as well as dynamically reconfigured under program 
control. 
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3. 3. 1.4. 2. Functional Description 

See Fisure 10 for AMD's Function Diagram of the 9513 Timer. 

The oscillator's freouency is controlled at the XI and X2 inter- 
face pins by the System Clock, divided by 2 * giving a reference fre- 
auency of 4.9152 Mhz. The internal oscillator's output is devided by 
the Freouency Scalar to provide several sub-f rectuencies. 

The 9513 is addressed by the external system as two locations! a 
Control port and a Data port, the Control port provides direct access 
to the Status and Command Registers? as well as allowing the user to 
update the Data Pointer register. The Data port is used to communicate 
with all other addressable internal locations. The Data Pointer regis- 
ter controls the Data port addressing. 

Among the registers accessible through the Data port are the Mas- 
ter Mode register and five <5) Counter Mode registers* one for each 
counter. The Haster Mode register controls the programmable options 
that are not controlled by the Counter Mode registers. 

Each of the five general-purpose counters is 16-bits long and is 
independantly controlled by the Counter Mode register. Through this 
register* a user can software select one of 16 sources as the counter 
input* a variety of gating and repetition modes* up or down counting 
in binary or BCD and active-high or active-low input and output polar- 
ities. 



Associated with each counter are a Load register and a Hold 
register* both accessible through the Data port. The Load register is 
used to automatically reload the counter to any predefined value* thus 
controlling the effective count period. The Hold register is used to 
save the count values without disturbing the count process* permitting 
the host Processor to read intermediate counts. 

All five counters have the same basic control logic and control 
registers. Counters 1 and 2 have additional Alarm registers and com- 
parators associated with them* plus the extra logic necessary for 
ope rati ins in a 24-hour time-of-day mode. 

Each general counter has a single dedicated outpin. It may be 
turned off when the output is not of interest or may be configured in 
a variety of ways to drive interrupt controllers* buffers* etc. 




3. 3. 1.4. 3. liner Connands 



A powerful connand structure sinplifies user interaction with the 
counters. 

A counter oust be a rued by one dif the ARM connands before coun- 
tinc can connence. Once arned» the counting process nay be further 
enabled or disabled using hardware dating facilities. (The Series 80A 
Processor necessarily ties all Gates and Sources to one unchanging 
state. Sorry.) The ARK and DISARM connands pernit software gating of 
the count process in sone nodes. 

The LOAD connand causes the counter to be reloaded with the value 
in either the associated Load register or the associated Hold regis- 
ter. It can often be used as a software retrigger. 

The DISARH connand disables further counting independent of any 
hardware gating. A disarned counter nay be reloaded using the LOAD 
connand* nay be increnented or decrenented using the STEP connand and 
nay be read using the SAME connand. A count process nay be resuned 
using an ARM connand. 

The SAVE connand transfers the contents of a counter to its asso- 
ciated Hold register. This connand will overwrite any previous Hold 
register contents. TheSAVE connand is designed to allow an accunulated 
count to be preserved so that it can be read by the' host Processor at 
a later tine. 

Two conbinations of basic connands exist to either LOAD AMD ARM 
or to DISARM AND SAVE any conbination of counters. 

Additional connands are provided to. step an individual counter 
by one count! set and clear an output toggle! issue a software Reset! 
clear and set special bits in the Master Mode register! and load the 
Data Pointer register. 
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3. 3. 1,4. 4. Cadiinc Operating Modes 



The 9513 has been hardware configured to provide a variety of 
services on the Series 80A Processor board. Two (2) of the channels 
are dedicated Baud rate generators* using Master Mode D* and do not 
generate interrupts. Two (2) other channels use Mode A to toggle 
their associated outputs and provide interrupts to the 68000 at level 
7 (for refreshing Bynaaic Rails) and level 6 (user proaraaaable) . The 
interrupt routines oust set the output inactive and leave the count 
run free to interrupt again at the proper rate (every 2 ailli-seconds 
for INT 7* for example). 

The fifth channel can be configured to pulse the 68000 Reset 
whenever the count reaches zero. This is called the Uatchdog Tiaer 
function. It is aeant to be used in an operating systea that aonitors 
the Refresh counter interrupts and reloads the Count into the Uatchdog 
Tiaer. If the operating system hangs and no longer services these* 
then the Board will autoaatically Resets. 

Channel 2 of the 9513 is the only one buffered to a Juaper allow- 
ing connection to anything. Its default is to level 6 interrupt. 

Channel 1 is the Uatchdog Timer* channel 3 is the Refresh Tiaer 
connected to level 7 interrupt. Channels 4 and 5 are the Baud rate 
generators. 
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Figure 10 ~ Timer Function Diagrom 














3.3. 1 .5. Intel 8274 UART 

See specification sheets on the Intel 8274 or NEC 7201 for a compleat 
description of all of the functions of the chip. 

See Figure 11 for UART Block Diagram. 

3.3. 1.5.1. Introduction 

This discussion gives a Quick overview of the functions of the 
chip that the Series 80A Processor Board Rakes use of. 

The Dual-Channel UART chip supports Asyschronous (Start-Stop)* 
Bute Synchronous (Monosync* IBH Bisync) * and Bit Synchronous (ISO's 
HDLCr IBM's SDLC) protocols. The Cadlinc Series 80A Processor config- 
ures the UART to use only the Asynchronousr Polled or Interrupt driven 
and non-DMA features. 

3. 3.1. 5. 2. Functional Description 

The system interface to the host Processor consists of 8 ports or 
buffers* 



1 1 


1 




1 


1 32! 


all 


Read Operation 1 


i 1. 


1_ 
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1 1 


1 
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1 0 1 


0 1 


Ch. 


A Data Read 1 
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Ch. 


A Status Read! 
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1 1 


Ch. 


B Data Read 1 


1 1 1 
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1 1 
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Ch. 


B Status Read! 
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1 . 


I 1 

1 1_ 
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Write Operation I 

I 

Ch.A Data Write I 

Ch. A Command-Pa rafteter I 
Ch.B Data Write i 

Ch. B Command-Parameter I 



Data buffers are addresed by a2 * 0* and Command ports by a2 = 1. 

Command* status and parameter information is held in 22 resisters 
within the UART (8 Write resister and 3 Read resisters for each chan- 
nel ) ♦ 



An internal pointer resister selects which of the command or 
status registers will be read or written during a command-status 
access to a channel. 

After Reset* the contents of the pointer register are zero. The 
first write to a command register causes the data to be loaded into 
Write Register 0 (WRO). The three least significant data bits of WRO 
are loaded into the Command Status Pointer. The next Read or Write 
operation accesses the read or write register selected by the pointer. 
This pointer is reset after the operation is completed. 
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3. 3. 1.5. 3. UART Commands 



For operating in the Asynchronous mode* the UART must he initial- 
ized with the following information! character length (WR3* d7f do and 
UR5* d6* d5)» clock rate (WR4* d7* d6)» number of stop bits (UR4* d3* 
d2)» odd* even or no parity (WR4* dl* dO)* interrupt mode (WR1* WR2)* 
and receiver (WR3* dO) or tranmitter (WR5* d3) enable. When loading 
these parameters into the UART* WR4 information must be written before 
the WR1» WR3* WR5 parameters-commands. 

3. 3.1. 5. 4. Cadlinc Operating Modes 

The Processor board does not enable any DMA functions of the 
UART, Both channels are allowed to use Polled and Interrupt operating 
modes. Interrupts for all serial communications* including multiple 
Multifuction boards* are handled via INT 5. 

Both channels transmit and receive using RS-423 compatible 
drivers and receivers* transmitting at +5 V to -5 V level and able to 
receive standard RS-232 levels of +12 V to -12 V. The receiver device 
is a two-input balanced level comparator that has the + input grounded 
and the - input connected to the active signal. The transmitter device 
drives a single line per input. 

Channel A is reserved for the Console terminal (either a Cadlinc 
Keyboard and CRT monitor or a dumb terminal) and does not use any 
hardware to enable modem controls. This port can then be used in a 
simple three-wire communication scheme (TxD* RxD* ground). 

Channel B allows the use of these modem control signals! DTR* 
RTS* CTS* and BCD. 
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Intel 8274 
or NEC 7201 



Figure 11 “ UART Block Diagram 




3.3.1 .6 



Parallel Inrut Port 



See Appendix E for pin assignments. 

The Parallel Port currently reads 16 external switches from which 
the PROH Monitor interprets Boot devices and Console configuration. 

The default access address for oe.port- is 0x900000. 

Control signals as-* r/w- and oe.port- are buffered through Open 
Collectored drivers for interface handshaking. The halt- signal is 
also buffered to drive an external LED. 

The Parallel Port receives set.init- from an external Reset 
switch and is then wire-ored to generate the 68000 reset- signal. 

3. 3. 1.7. Hardware VPA 

The signal vpa- is a System Access address at 0xF80000. It is 
only used during the 68000's Autovector Interrupt handling. When an 
Interrupt occurs and is accepted* the 68000 sets the Higher Order 
address bits to *one*. The signal vpa- is received by the 68000 as 
Valid Peripheral Address. 




3.3.2. Managed Accesses 



Refer to Scheaatic drawing #275014 rages 1 and 5 

When a Managed Access is reouested* the used and dirty bits of 
the Page Control Static raa aust be updated to show that a particular 
page was accessed (used) and if was written to (dirty). These signals 
are aultiplexed by r/w and aultirlexor chip (IC H7) is enabled by 
en.aapx- from PALPS (IC 6). If there is a page fault on the cycle* 
i.e. Protected froa Read* Write or Execute* then the write is not 
done* leaving the status unchanged for further processing. If the 
cycle is okay by cs6 tiae* then b/1- and io/a- are unchanged* used is 
always written as 'one* and dirty is changed to 'one* during a write 
only. 



The static Raas write on the trailing edge of its write-enable 
input. To resolve the Page Control updates* en.aapx- is delayed froa 
going active until cs6. This allows the Bus error logic tiae to 
decide that the Managed cycle is good. 

3. 3. 2.1. Raa Meaory 

Raa Heaory accesses iaply either Local RAM data located on-board 
the Processor# or Highspeed accesses located on Dual-Ported Meaory 
boards* the Floating Point board or other devices responding to 
Highspeed bus reauests. 




3. 3. 2.1.1. Local Memory 



The Local Ran unit consists of 36 x 64Kbit Dynamic Ram devices 
(PS 2) giving a total of 262*144 bytes of Parity checked memory. The 
Multiplexed addresses and Data driven into the Rams are also directly 
connected to the Highspeed bus. This makes the Highspeed bus a func- 
tional extension of the Local Ran. 

The Ram cycle begins when cs3 is buffered (PS 1 - IC F03 and Ps 
2- IC E14) to drive ras- to all the Rams. At cs4* the Lower Address 
driver (Ps 2- IC A14) is shut o ft? and the Upper Address driver (Ps 2- 
IC C14) is enabled. At cs5r casO- or casl- is selected and driven 
(page 2- ICs K14 and E14) to the appropriate bank of 18 Rams. 

The addresses into the Rams are not a straight-forward swap of 
address bits. The following table details the address translation! 



Bus Address 1 At cs3 1 

1 (ras-) 1 


At cs5 
(cas-) 


1 

1 

_i 


m.aO 


1 34 1 


a? 


1 


m_al 


1 al 1 


mal5 


1 


m_a2 


1 36 1 


mal4 


1 


m_a3 


1 87 i 


alO 


1 


*-34 


1 a3 1 


mal2 


1 


m_a5 


1 32 1 


mal6 


1 


m.a6 


1 35 1 


all 


1 


m_a7 


1 38 I 


*al3 


1 






Table 7 - Multiplexed Ram Addresses 



3. 3. 2. 1.2. Local Parity Lodic 

See Schematic #295014 Pade 5 

See Fidure 12 for Local Parity Block Diagram. 

The 256K bytes of On-board dynamic raa is provided with Parity 
checkins on every byte. A Parity bit is Senerated on a write by 
resolvind the even parity of the byte with two 82S62 Parity 
Generator/Checkers (IC B15 and B17)? with the r/w- line as the ninth 
bit of both bytes. The output of this Iodic does to the data-in of the 
Parity Dynaaic Ram. and is written with the rest of aeaory. When a 
Read is doner the data-out of the Parity raa now becoaes the ninth 
bitr and the output of the Iodic should indicate correct Parity. 

When an error does occur? PALPI (IC B19) provides the input to a 
flip-flop? enlperr-? that will be clocked on the trailind edde of as- 
froa the 68000 to denerate lperr-. 

The sidnal used to denerate berr- to the 68000? parerr-? is 
enabled in PALPI by the Context Redister bit prtyenab? lperr- froa the 
Local Parity Iodic and by a.perr- froa the Hidhspeed bus. 

The parerr- sidnal will actually be seen on the cycle after the 
occurance of the error. Software handlind of bus errors aust be able 
to tell Parity Errors froa every other error to recover control. The 
Cadline Proa Konitor resident on the board prints an error aessade any 
tiae a berr- occurs and stops the process. Other errors indicate vio- 
lation of various Protection or Allocation ridhts? but Parity Error is 
always sidnificant. 
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Figure 12 “ Parity Logic Block Diagram 




3.3.2. 1.3. Highspeed Bus Interface 

The Cadlinc Highspeed Bus allows the Processor to access tore 
fast memory than physically resides on the CPU board. The Highspeed 
Bus is meant to respond as fast as the On-board memory and to respond 
to control signals as if it were an extention of the Dynamic Ram 
memory chips. This gives the Processor a full 16 Kbytes of highspeed 
memory on one bus while freeing the Multibus for other Master devices. 
Cadlinc Dual-Ported Memory boards are an integral part of the hish- 
performance system for their accessibility by both this Highspeed bus 
and by the Multibus. 

When the current 68000 address cycle selects ’Local* memory 
through Memory Management* i. e.r the m_prea- command is asserted* the 
high-order Managed Address bits m.ma23 through a.mai7 specify memory 
somewhere out on the Highspeed bus. If a board has responded to the 
address range* then it will drive or receive data on the Highspeed 
bus* on a write or a read* respectively. 

There is no explicit ’acknowledge* of the cycle by the slave 
board on the Highspeed bus* Just as there is no explicit acknowledge 
of an On-board memory reauest when the addresses there happen to com- 
pare. The Highspeed bus interface relies on m.wait- from the slave 
board to indicate whether it is ready to accept the Multiplexed Ram 
addresses. m.wait- directly controls the Clock State generator by gen- 
erating cswait- in PALP3 (Ps 5 - ICF6)* thereby preventing the shift 
register from advancing until it goes away * synchronous with the 68000 
clock clOO. If there happens to be no slave board to respond to the 
address* then no m.wait- would be generated and the cycle terminates 
normally without data being transfered or error. 

The slave board will usually generate m_wait- when it is being 
accessed on the other bus it is connected to* e.s.» Multibus for 
Dual-Port Memory or the 8086 processor on the Floating-Point board. 
Also* for boards with Dynamic Ram devices* as opposed to Static Rams* 
a period of tine after the actual bus access ends must be inserted to 
maintain the Rams 7 'precharge* reouirements. 

When all delays on the slave board are resolved* it will begin to 
drive its local addresses based on the Multiplexed Ram addresses* now 
in the Lou Address state, m.wait- will be negated at this time and the 
next high state of clOO effectively lets the Clock State generator 
advance* driving the new High Address states onto the bus. 

From that point* the cycle terminates normally without any 
further control from the slave board. 
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3. 3. 2. 2. Multibus Interface 



Uhen the current 68000 cycle selects a 'Bus* access through 
Memory Management* the Control Logic generates bas-* which is used to 
as the reauest to start Multibus arbitration. The particular command 
to be driven out to the Hultibus is dependant on the how the Memory 
Map for that page was setup. 

3.3.2.2.I. Bus Haster Arbitration 

See Schematic #295014 Page 3 

The Arbitration Logic uses an 8289-type Bus Arbitor (IC K3). The 
chip is used in a simple mode* where there is one input (bas-) and one 
output (aen-) actually used by the Processor board. 

The Status Line Inputs are all tied to bas-* thereby going idle 
when the 68000 cycle ends and allowing another Bus Master access 
through it. It is intended the Processor make the most use of faster 
Local and Highspeed Memories so that the bulk of Hultibus accesses are 
done by other standard devices. 

The b.prn- (Priority In) signal into the 8289 is selectable to 
allow the Processor board Highest Priority for access to the Multibus* 
or to receive the b.pro- (Priority Out) from the board immediately 
above it in the card case. In both cases* the 8289 drives its own 
b.pro- to the board immediately below the Processor. This scheme also 
allows for higher speed Parallel Arbitration that can accomodate as 
many as 8 Haste rs on the Bus. 

All the rest of the Multibus Arbitration signals (b.init-* 
b.brea-* b.busy-* and b.crea-) are used internally by the 8289 to 
satisfy the Intel reauirements. 

Once control of the Multibus is established* aen- goes active and 
stays on until another Bus Haster reauest takes control away. The 
Address Bus is directly enabled by aen-» and the Bata and Command 
driver delays are enabled by bas- and aen-. When bas- and aen- are 
both asserted* a shift register (IC Kl) is enabled and is clocked by 
the 20MHZ base clock. The second shifted output enables the Data 
drivers (den-)» the third shift enables the Command drivers (cen-). 

The Processor board supports Hultibus byte accesses by latching 
in the state of the 68000's Ids- line at cs4 time* generating Hultibus 
address baO* and providing a local bhen (Byte High Enable) from both 
Ids- and uds- in PALP2 (Ps - 5 ICF1). These two lines are latched 
along with the Managed Address bus (ma23!mal2) and the lower 68000 
address bus (alllal) at cs5 time to provide the full 24 bits of Hul- 
tibus accesses. All four of the Multibus commands (mrdc-* mwtc-* 
iorc-» iowc-) are then gated* in PALP4 (PS 1 - IC F4)* to begin at cs6 
time. 



All 24 bits of the Multibus Address bus are driven for either 
Memory or 1-0 accesses. 




When b.xack- is driven by the target board as the acknowledge? 
dtack- is generated in PALP2 (IC FI), dtack- then latches itself 
asserted until the end of the 68000 cycle. 

3. 3. 2. 2. 2. Memory Access 

PALP4 (IC F4) decodes mrdc- and mute- on the proper state of 
b/l-f io/m- and r/w-. 

3. 3.2. 2. 3. 1-0 Access 

Many Mulitbus products use either 16 or 8 bits to decode 1-0 
addresses. The Processor board drives all 24. 

PALP4 (IC F4) decodes iorc- and iowc- on the proper states of 
b/1-? io/m- and r/w-. There is a special mode for terminating the 
iowc- command early. When b.xack- is returned and dtack- is asserted? 
the iowc- command is terminated? but the 68000 cycle still has 24- 
clock states of Hultibus control. 

This was done to accommodate Multibus boards that return b.xack- 
immediately after receiving the iowc- command? allowing a wide margin 
of data hold time on the bus* 




4. Board Mnemonics 



(Note! Schematic drawings and the printed format of the wirelist 
are slightly different in notation. Mnemonic 'b.initV on the 
schematic corresponds to ’b-init-* on the wirelist* etc. This is 
because UNIX editors* through which these documents were 
prepared* differ slightly in their handling of special charac- 
ters* i.e. *V» and In general* then* *_* or in a 
mnemonic signify an off-board connection* and or *V as the 
last character of the mnemonic mean it is 'low* true.) 
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Processor Board Signal 


Hanes! 




1 

_i 




(Hu) -12vdc 


1 

1 


(Hu) bhen 


1 

1 


(Co) cs7 


1 

1 




(Hu) -5vdc 


1 


(Co) boot 


1 


(Co) cs8 


1 




(Mu) 12vdc 


1 


(HH) bl 1— 


1 


(Co) cs? 


1 




(Bu) aO 


1 


(Co) clOO 


1 


(Co) cslO 


1 




(Bu) ai:a23 


1 


(Co) c200 


1 


(Co) cswait- 


1 




(Bu) al- 


1 


(Co) c 400 


l 


(Cn) ctsb- 


1 




(Hu) aen 


1 


(Co) c50 


1 


(HH) cxOJl 


1 




(Hu) aen- 


1 


(Co) c50- 


1 


(Bu) dOJIS 


1 




(Co) as 


1 


(Co) C50— 


1 


(Hu) dlaen 


1 




(Co) as- 


1 


(Co) c800 


1 


(Hu) d2aen 


1 




(Hu) b.aOJ23- 


1 


(Ca) c»Pl»2 


1 


(Hu) d3aen 


1 




(Hu) b-bclk- 


1 


(Co) c.refresh 


1 


(Ca) dcdb- 


1 




(Hu) b_bhen- 


1 


(Co) c_tiaerlJ2 


1 


(Hu) den- 


1 




(Hu) b-bern- 


1 


(Co) carry 


1 


(Dv) devenab- 


1 




(Hu) b-bero- 


1 


(Co) casOJl- 


1 


(HH) dirty 


1 




(Hu) b-breo- 


1 


(Hu) cclk- 


1 


(Co) ds 


1 




(Hu) b_bus«- 


1 


(Hu) ce_b«te- 


1 


(Co) dtack- 


1 




(Hu) b_cbra- 


1 


(HH) ce_aap- 


1 


(Ca) dtrb- 


1 




(Hu) b.cclk- 


1 


(HH) ce-aapl- 


1 


(Ca) dtrb — 


1 




(Hu) b-dOilS- 


1 


(HH) ce_*apu- 


1 


(HH) en-aaex- 


1 




(Hu) b-inhl- 


1 


(Dv) ce-pro«0!l- 


1 


(Co) enabto 


1 




(Hu) b_inh2- 


1 


(Dv) ce-sio- 




(Co) enabto- 


1 




(Hu) b.init- 


1 


(Dv) ce_tiaer- 


1 


(Co) enleerr- 


1 




(Hu) b_int0'7- 


1 


(Hu) ce.word- 


1 


(Co) fc0»2 


1 




(Hu) b-inta- 


1 


(Hu) cen- 


1 


(Hu) gnd 


1 




(Hu) b.iorc- 


1 


(Hu) cenl- 


1 


(Co) halt 


1 




(Hu) b_iowc- 


1 


(Co) ckberr 


1 


(Co) halt- 


1 




(Hu) b_ardc- 


1 


(Co) clrboot- 


1 


(Co) hard reset 


1 




(Hu) b_i#wtc- 


1 


(Co) cs3 


1 


(Co) hardreset- 


1 




(Hu) b_xack- 


1 


(Co) cs3- 


1 


(Co) hyst 


1 




(Hu) bas- 


1 


(Co) cs4 




(Co) init 


1 




(Hu) bclk- 


1 


(Co) cs4- 


1 


(Co) init- 


1 




(Co) berr- 


1 


(Co) cs5 


1 


(Co) int0*7- 


1 




(Co) berrx- 


1 

1 


(Co) cs6 


1 

1 


(Co) intls!7s- 


1 

I 






1 




1 




1 

JL 



Symbols Used* 

Bu - Buses 

Cm - Coaaunications 

Co - Coaaands 

Bv - Devices 

Hs - Highspeed 

HH - Meaorv Hanadeaent 

Hu - Multibus 



CA 






Processor 


Board Signal Names cont'di 




1 

,_1 




(Co) int.sio — 


1 

1 


(Hs) m_uds- 


1 

1 


(MM) smaperr- 


1 

1 




(Co) int.sio — 


I 


(Hs) m-wait- 


1 


(Co) susacc- 


1 




(Co) int_timer2- 


1 


(MM) mal2!23 


1 


(Co) thr 


1 




(Dv) iorc- 


1 


(Co) mcasOJl- 


1 


(Co) timeout 


1 




(Dv) iovc- 


1 


(Co) mras- 


1 


(Cm) txdaib 


1 




(MM) iolm- 


1 


(Mu) mrdc- 


1 


(Cm) txdaib- 


1 




(Co) iPlO‘,2- 


1 


(Co) mweraml- 


1 


(Co) uds- 


1 




(Cm) Jl-pl_rxd 


1 


(Co) mweramu- 


1 


(MM) used 


1 




(Cm) Jl.Pl.txd 


1 


(Mu) mwtc- 


1 


(Mu) vcc 


1 




(Cm) Jl_p2_cts 


i 


(Co) nc 


1 


(Bu) vcclal4 


1 




(Cm) Ji_p2_dcd 


1 


(MM) oe.cx- 


1 


(Bu) vcclalS 


1 




(Cm) Jl_p2_dtr 


1 


(Dv) oe.port- 


1 


(Co) VP3” 


1 




(Cm) Jl.p2_rts 


1 


(Co) oe.ram- 


1 


(MM) we_cx- 


1 




(Cm) Jl_p2_rxdltxd 


1 


(Co) onbrd- 


1 


(MM) we_map- 


1 




(Cm) Jl_p2_txdl rxd 


1 


(Cm) p2_rxd 


1 


(HH) we.mapl- 


1 




(Bu) J2_as 


1 


(Cm) p2_txd 


1 


(MH) we-mapu- 


1 




(Bu) J2.halt 


1 


(Co) parerr- 


1 


(MM) we_mapx- 


1 




(Bu) J2.inO:iS 


1 


(Co) parerrl 


1 


(Co) we.raml- 


1 




(Bu) J2_r-lul 


1 


(Co) parerru 


1 


(Co) we.ramu- 


1 




(Co) Ids- 


1 


(Co) parl- 


1 


(Co) wlr- 


1 


1 • 


(Co) lperr- 


1 


(Co) paru- 


1 


(MH) xaOill 


i 




(Hs) m.aO'7 


1 


(MM) >rot0:3 


1 


(Hu) xacK 


1 




(Hs) m_cs5- 


1 


(Co) prtyenab 


1 


(Cm) xcaib 


1 




(Hs) m_d0il5- 


1 


(Co) r-lu 


1 




1 




(Co) audil- 


1 


(Co) reset 


1 




1 




(Co) m_diu- 


1 


(Co) reset- 


1 




1 




(Co) m_dol- 


1 


(Co) rfenab 


1 




1 




(Co) m_dou- 


1 


(Cm) rtsb- 


1 




1 




(Hs) m-lds- 


1 


(Cm) rtsb— 


1 




1 




(Hs) m_mai7!23 


1 


(Cm) rxda 


1 




I 




(Hs) m_perr- 


1 


(Cm) rxdb 


1 




1 




(Hs) m-preo- 


1 


(Co) rlw- 


1 




1 




(Hs) m_rfenab 


1 

1 


(Cm) said 


1 

1 

_1 




1 

_1 



Symbols Used! 

Bu - Buses 

Cm - Communications 

Co - Commands 

Dv - Devices 

Hs - Highspeed 

KH - Memory Management 

Mu - Multibus 








4.1. Buses 



The following naaes are organized to describe onboard ’bus* sig- 
nals. Hultibus and Highspeed Bus naaes are described in separate sec- 
tions. 



General Bus Naaes: I 

aO 
al- 

al • a23 
d0!15 
J2.3S 

J2_hait 

J2-in0»15 

J2.r-lwl 

oe_Port- 

vcclal4 
vcc!al5 



Produced by latching Ids- with cs4. 

Inverted 68000 al» for Hap Long words. 

68000 Address Bus. 

68000 Bata Bus. 

68000 Address Strober Hi true coaaand 
for parallel Port 

Signal for LED Halt indicator 

Hi true data bus for Parallel Port 

Read (low) Write (Hi) coaaand for Parallel Port 

Chip Enable for the Parallel Port 

Select High Address 14 for PR0HS. 

Select High Address IS for PR0HS. 



._i 



4*2. Coaaands 



The following naaes describe the aaJoritu of Coax and and Control 
signals used by the 68000 and by all other logic onboard* 



as 

as- 

berr- 

berrx- 

boot 

clOO 

c200 

c400 

c800 

c50 

c50- 
c50 — 

c_ref resh 

c.tiaerl 

c_tiaer2 

carry 

casOil- 

ckberr 

cirboot- 

cs3J10 

cs3- 

cs4- 



Coaaand Naaes 




68000 Address Strobe 

Bus Error to the 68000 

Bus Error Extention 

Boot State register 

Sustea Clock at 10 Hhz 
Tiaer Clock at 5 Hhz 
UART Clock at 2.5 Hhz 
1.25 Hhz Clock 

Raw Crustal output at 19.6608 Hhz 

Inverted and delayed Crustal 
Inverted and delaued Crustal 

Tiaer output producing INT7 

Watchdog Tiaer output produces Reset when low 

User Prograaaable Tiaer output produces INT6 

Carru froa Sustea Clock counter 

Coluan Address Strobe for Onboard Raa 

Clock Bus Error. Invertec berr- 

Clear Boot. See PALP0. 

Clock States cs3» cs4» ... cslO 

Inverted cs3. Produces RAS to local Raas. 

Inverted cs4» Hultiplex control for Raa Addreses. 



I 



1 



1 







cswait- 



dtack- 



enabto 

enabto- 



Clock State Wait* Hakes the Clock State generator 
wait before cs4 sets senerated* See PALP3 for 



Data Strobe (Hish true). Produced by Ids- OR uds-. 
Data Transfer Ack. to the 68000. See PALP2 for 



Enable Tieeout Generator. See PALP3 for eans. 



Enable Latched Parity Error. If 'low* when as- 
Soes awayr then a Parity Error in Onboard Rae has 
occured. See PALPI for eauns. 

68000 Function Codes. 

2 10 

0 0 0 Undefined 

001 User Data 

010 User Prosrae 

011 Undefined 
1 0 0 Undefined 
101 Supervisor Data 

110 Supervisor Prosrae 

111 Interrupt Ack 





Command Names coni' d 



inii 

init- 

intOJ7- 

intlsJ7s- 

int.sio- 
int-sio — 
int_sio 

int_tiaer2- 

iplOJ2- 



68000 halt sisnal 



Power level hwsterises 



Interrupts allowed to be latched 

Latched Interrupts to encoded to the 68000 

0.C interrupt from the UART 
Buffered 

Select UART Interrupt to INT5 
Select c_timer2 to INT6 
68000 Interrupt Priority bits 



l 



1 






lds- 

lperr- 



n_dil- 

n_diu- 

n_dol- 

n_dou- 

ncasO ti- 
aras- 

nweranl- 

nweranu- 

nc 

oe_ran- 

onbrd- 



Connand Nanes coni' d? I 



68000 Lower Dais Sirobe 

Latched Parity Error. Latched when enlperr- was asserted 
on an Onboard Ran access t indicating a Parity Error. This 
signal will be sated with the Parity enable line in PALPI 
to generate parerr-. 

Lower Byte Parity input I 

Upper Byte Parity input I 

Lower Bate Parity output I 

Upper Byte Parity output 

Buffered casOJl- to drive Onboard Ran CAS pin. 

Buffered cs3- to drive Onboard Ran RAS pin. 

I 

Buffered weranl- to drive Onboard Ran WRITE Low Byte pin. i 
Buffered weranu- to drive Onboard Ran WRITE High Byte pin. 

I 

No Connect* I 

I 

Device Select for enabling Onbaord Ran data drivers. I 

I 

Onboard Access Enabled. See PALPI for eons. I 






parerr- I Parity Error. See PALPI for eons. Generates berr- 
I when either an Onboard Ran access or Highspeed bus 
i access has reported a Parity Error. See PALP2 for 
I its use. 

I 

parerrl I Output of Lou Byte Parity checker. High true 
parerru I Output of High Byte Parity checker. High true 
I 

pari- I 9th bit into Low Parity generator I checker. 

( Always Low when writing* follows a-dol 

I (inverted) when reading. 

paru- I 9th bit into High Parity aeneratorlchecker. 

I Always Low when writing* follows a.dou 

I (inverted) when reading. 

I 

prtyenabl Parity Error Enable bit in the Context Register. 

I When low* PALPI disables parerr- froa going active. 






Coeeand Naees cont'd) 



I 

.1 



r-lw 

reset 

reset- 

rfenab 



rlw- 

setinit- 

sysacc- 



thr 

tiaeout 

uds- 

VP3- 

we.raal- 

we.raau- 

wlr- 



Inverted 68000 rlw- for PRQHs direction 
68000 hardware Reset 

Refresh Enable bit in the Context Register. Buf- 
fered to the Highspeed busr this allows 3 
Highspeed bus target board to override Address 
compare with the intention of refreshing Dynaaic 
Raas through the systea. Boards with Static Raas 
as their Dusl Ported aeaories can ignore this* 

68000 Read U.ow) Write (high) coaaand signal 

Clock boot and issue hardware Reset. 

Systea Access. See PALP0 for eans. When High* a 
Systea Access is reauested* aostly when 68000 
address a23 is high. 

When low# a Managed Access is reouested. 

Power Level threshold 

i 

Cycle Tiaeout Error. 

68000 Upper Data Strobe 

i 

Valid Peripheral Address - Interrupt ack only 

Local Ra» write enable. See PALP4. 

Inverted 68000 rlw-» Used for Kultibus data 






4.3. Communications 



The following names are related to serial communications onboard. 





Communication Signals! 


1 

L 


c.pl!2 


1 

1 Baud rate Clocks for Port A and B 
1 


1 

1 

1 


ctsb- 


1 

1 Clear to Send Port B 
| 


1 

1 

1 


dcdb- 


1 

1 Carrier Detect Port B 

I 


1 

1 


dtrb- 
dtrb — 


1 

1 Data Terminal Read* Port B 

1 

1 


1 

1 

1 

1 


Jl_pl_rxd 


1 

1 Port A Receive 


1 

i 


Jl_pl_txd 


1 Port A Xmit 
1 


I 

1 


Jl_p2_cts 


1 

1 Port B Clear to Send 


1 

1 


Jl_p2_dcd 


1 Port B Carrier Detect 


1 


I Jl_p2_dtr 


1 Port B Data Terminal Ready 


1 


! Jl_p2_rts 


1 Port B Reauest to Send 


1 


Jl_p2_rxdltxdl Port B (Receive) or Xmit 


1 


Jl_p2_txdlrxdl Port B (Xmit) or Receive 
1 


1 

1 

l 



— ! 59 — 




I I 

I p2_rxd I 
I p2_txd I 
I I 

I rtsb- I 
I rtsb — I 
I t 

I rxdsib I 
I I 

I S3?d I 
I I 

I txdsib I 
I txd3*b-l 
I I 



Selected Port B Receive 
Selected Port B Xnit 

Reouest to Send Port B 

Receive Bsts Port A snd B 
X»it chip slew r3te inputs 
X*it Bsts Port A 3nd B 




_1 




4.4. Highspeed Bus 

The following naaes describe the Highspeed Bus. 



Highspeed Bus Signals! 




a_a0!7 

•_cs5- 

•_d0!15- 

a_lds- 

*_aal7!23 

•_perr- 



Hultiplexed Dynamic Ram Addresses. See Table 7. 

Buffered Clock State 5 for valid CAS address. 

Data Bus. Connected directly the the onboard 
Rads data lines. 

Buffered 68000 lds- 

Buffered Upper Hanaged Addresses 

Parity Error 






»_prea- 



l 



Processor Reauest. This signal indicates to the 
Target board that R-nal7»23 are valid to enable 
responding. See PALP3 for eons. 



l 





m_rfenab 



•_rlw- 

m_uds- 

>_W3it~ 



Hiahspeed Bus Sianals cont'd! I 

1 

I 

Buffered Refresh Enable. Indicates that the Taraetl 
board should override the Upper Hanased Address I 
compare and start respondina. This is to allowl 

the refreshina of Dynamic Rams out on the I 
Hiahspeed Bus at the same time that the Local Rami 

is refreshina. I 

I 

Buffered 68000 rlw- I 

I 

Buffered 68000 uds- I 

I 

Hiahspeed Wait. Indicates to the Processor board I 
that the Taraet board is not ready to have the I 
Multiplexed Ram addresses m.a0!7 switch to the I 
upper address bits. This stops the Clock State) 

aenerator from advancina by extendina cswait-.l 

•.wait- is not an acknowledae of valid address I 
comparer but a command to wait until the Taraetl 
board can CAS the upper address bits. See PALP3I 
for its use in creatina cswait-. I 

I 





4.5. Multibus 



The following nanes describe the Multibus Connand? Address? end 
Data lines as well as onboard signals that support then. 



I Multibus Signals 

I f 

I -12vdc I Power Supplies 

I -5vdc I 

I 12vde I 

I I 

I b.a0!23- I 24 bit Address bus 

I I 

I b-bclk- I Bus Arbiter Clock 

i I 

I b-bhen- I Bate High Enable 

I I 

I b_bprn- I Bus Priority In 

I I 

I bJjpro- I Bus Priority Out 

I I 

I b_brea- I Multibus Master arbitration handshaking signals. 

I b_busy- t Used only by IC A3 (828?). 

I b_cbra- l See chip specifications. 

II 

I b_cclk- I Constant Clock 

I I 

I b.dO‘15- I Data bus 

I I 

I b.inhl- I Not Used 

I b_inh2- I 

I I 

I b.init- I Reset 

I 



l 




b.intOJ7 

b-inta- 

b-iorc- 

b-iowc- 

b_ardc- 

b_*wtc- 

b_xack- 

aen 

aen- 

bas- 

bclk- 

bhen 

cclk- 

ce_byte- 

ce_word- 



Hultibus Signals eont'dJ I 

I Interrupts I 
I I 
I Not used I 
I I 
I 10 Commands I 
I I 
I I 
I Memory Commands I 

I I 
I Command Acknowledge I 
I I 
I Address Enable from 8289 arbitor (HisSh true). I 
I I 
I Address Enable from 8289 Arbitor (Low true). I 
I I 
I Bus Address Strobe. This is the reauest to the 82891 
I arbitor to become the Hultibus Master. Generated through I 
I PALP3i it corresponds to m_prea- but b 1 1— is now in the I 
I 'bus* state. I 

I Bus Arbitor Clock into the 8289 chip. I 
1 I 
I Byte Hish Enable. Generated by Ids- and uds- both truer I 
! that is> when a word access is reauested. I 

I Constant Clock. Buffered 68000 System Clock ciOO. i 

I Enable Byte and Enable Word. I 
I I 
I I 



,tA 






cen- 

cenl- 



dlsen 

d2aen 

d3aen 



den- 

snd 

iorc- 

iowc- 

ardc- 

•wtc- 

vcc 

xack 



Multibus Sisnals cont'dJ I 

Coaaand Enable delay to date on one of A Coaaands I 

I 

Physical output enable for the four <4) Multibus I 
coaaands. cenl won't be sated on until aen- from I 
the 8289 arbitor is true. I 

I 

aen Delays 1* 2» and 3. Part of the Address. I 

Data and Caaaand delay resister for the Multibus. I 
These are the inputs to the next resister eleaent. I 
fro* the previous elements' output. I 

I 

Data Enable delay to sate ce.byte- and ce.word- I 

I 

Power Supply sround I 

I 

Coaaands to buffer to the Multibus. I 



I Power Supply +5 Molts. I 
I I 
I Buffered Hultibus Coaaand Acknowledse I 
I I 





4.6. Devices 



The following nates describe Cottand Enables and related direc- 
tion control lines for onboard devices ♦ 



Device Signal Nates 



Chip enable for the onboard PROM sockets* ce_protl-l 
corresponds to Virtual address OxC80000. ce.protO-* I 
however* corresponds to two <2) address* 0x0 during I 
Boot State onls* and OxCOOOOO when not in Boot State* I 

I 

Chip Enable for the UART » address OxDOOOOO* I 

I 

Chip enable for the Titer* address 0xD80000 I 

Enables the 1-8 decoder to drive the I 

five (5) Device addresses* I 

Used bw the UART and the TIMER as well as the Multibus I 
as the Read cottand* I 

Used bs the UART and the TIMER as well as the Kultibus I 
as the Urite cottand* I 

I 

Chip Enable for the Parallel Port* address 0x900000* I 

I 






4.7. Heaorv Nanaseaent 

The following manes describe Menors Manaseaent Coaaand and Con- 
trol sisnals. 



bll- 

ce_aap- 

ce_aapl- 

ce-aapu- 

cxOIl 

dirty 

eruaapx- 

iola- 

aal2J23 

oe_cx- 

rrot0»3 



Heaorv HanaSeaent Sisnals 




Bus (Hish) or Local (Low) tas of the current Pase 
Chip Enable for Hap Raas» address 0x800000 
Chip enable for Upper and Lower Pase Hap words. 

Context bits latched in the Context Resister 

Indicates Pase has been written to. 

Enable Hap Extention. Allows IC H7 (aultiplexor) 
to over-write Pase Hap Status bits used and dirts. 
See PALP3 for eons. 

10 (Hish) or Heaors (low) tas of the current Pase 

Hanased Addresses. Output of the Pase Hap Raas. See 
Table S for translation to data bus scheae. 

Output Enable for Context Resisted address 0x680000 

Protection Code entries into the Pase Hap Raas. See 
Table S for translation to data bus scheae > and 
Appendix F for code that senerates saaperr-. 



l 






Heeorv Management Signals cont'd 



I 



saaperr- 

used 

we_cx- 

we.aap- 

we_aapl- 

we_eapu- 

WC.«8PX- 

xaOJll 



Map Error. See Appendix F for code. 

Indicates Fade has been accessed successfully. 

Write command for Context Register* address 0x880000 
Write Enable for Hap Rams* address 0x800000 
Write enables for Upper and Lower Page Hap words. 

Write Hap Extention. The write control to the 
Page Hap Raa holding the four Page Status bits. 

See PALP3 for eons. 

Page Raes physical addresses. See Table 4. 





Appendix A - Jumper Options 



The following tobies describe onboard Options available* The 
defaults (etched in on the circuit card) are shown as *(n) — (n+1)** 

Appendix A«1 - JB1 

This Jumper block sllows selection of* 

1) Serial Port B Transmit and Receive pins on connector J1 

2) Extended Addresses for the Pro* sockets* 





jBi: 




1 

1 


1 




! 


I 


p2*rxd 1 


(1) — 


(2) 1 


Jl.p2.rxd/txdl 


Jl*p2*txd/rxd 1 


(3) — 


(4) 1 


p2.txd 1 


1 




1 


1 


vcc 1 


(5) — 


(6) 1 


— +- vcc/al4l 


814 1 


(7) 


(8) 1 


| | 


1 




1 




vcc 1 


(9) — 


(10)1 


f- vcc/al5l 


alS 1 


(11) 


(12) 1 


1 1 


1 




1 




L 





1- 


l_ 



The coMunications default ultimately selects pin 3 of the RS-232 
connector as Receive* and pin 2 as Transmit* 

To swap Port B Transmit and Receive* 

1) Cut (1) from (2) and (3) from (4). 

2) Jumper (1) to (3) and (3) to (4)» 

The Prom addresses are defaulted for 2764 (8192 x 8) JEDEC dev- 
ices* 

To select 27128'sJ 

1) Cut (5) from (6) and Jumper (7) to (8) together* 

To select 27236' st 

1) Cut (5) from (6) and Jumper (7) to (8) together* 

2) Cut (9) from (10) and Jumper (11) to (12) together* 




Appendix A*2 - JB2 

Jumper JB2 sets the Interrupt level of the UART at INT 5 and sets 
the Tiaer Channel 2 to INT 6 * 



JB2J I 



I f I 

int.sio — I (1) — (2)1 int5-l 

int«tiaer2- I (3) — (4)1 inti-1 




Appendix A. 3 - JB3 



Jumper JB3 selects various hultibus commands and controls* 



JB3J 



b.init- -+ — 

b.bclk- 

b*bprn- 

b.cclk- 



I 

(1) (2) I init- 

(3) — (4) I set.init-l 

I 

(3) — (6) I bclk 

I 

(7) (8) I around 

I 

(?) (10)1 cclk 

I 



The top 2 pairs select the source for the Hultibus Reset signal 
b.init-'* The default is for set* ini t- to drive it* This allows lets 
the external Reset Switch* Watchdog Tiaer and Power Level Comparator 
to reset the Hultibus* The other option is to cut (3) froa (4) and 
connect (1) to (2) together to source init- to the Hultibus* This 
option will add the 68000's Reset instruction to the first three* 

The third pair defaults the source of the Hultibus Bus Arbitor 
clock bJ>clk- to coae froe the Processor itself* If another device on 
the Hultibus is selected to drive this signal* then you aust cut (5) 
froa (6). 

The fourth pair default is Hultibus Haster Priority not at the 
Highest level* This option assuaes one of the following! 

1) There is a Higher Priority Bus Haster in one slot above the Pro- 
cessor board in a Serial Priority scheae* 

2) There is a Parallel Priority Scheae* one whose Arbitration is 
deterained by logic on the Hultibus aotherboard* 

For a Single Board configuration* or one that has the Processor 
as the Highest Priority Haster* then you aust Jumper (7) to (8) 
together* 

The fifth pair defaults the source of the Hultibus Constant Clock 
b-cclk- as the Processor itself* This clock is used by other Cadlinc 
Board products to synchronize Hultibus and Highspeed bus timing with 
the Processor board and should not be cut* However* when more than one 
Procesor board is plugged into one card-cage (for various reasons)* 
.then the Haster Processor (the one that drives the Highspeed bus) 
should have this line intact and all of the others aust cut (?) froa 
( 10 )* 




Appendix A.4 - JB4 



Jumper JB4 selects Interrupts from the Hultibus. (Note that intA 
and int7- are out of seauence at the top of- the block. ) 



I . JB4* I 



\ i 


1 




1 


1 


1 b.intA- 1 


(1) 


(2) 1 


intA-l 


1 b.int7- 1 


(3) 


(4) 1 


int7-l 


1 b.intS- 1 


(S) 


— (A) 1 


int5- 1 


1 b.int4- 1 


(7) 


— (8) 1 


int4-l 


1 b.int3- 1 


(9) 


— (10)1 


int3- 1 


1 b.int2- 1 


(11) 


— (12)1 


int2-l 


1 b.intl- 1 


(13) 


— (14)1 


intl-l 


1 


1 




1 


1 


1 


1_ 




L_ 


L 



Interrupts inti- and int7- are not defaulted through because 
those levels on the Processor have predefined functions that should 
not change. If they are enabled, then the User must take care in han- 
dling the Refresh routines <int7-) and the Programmable Interrupt 
(int6-) so as not to conflict with the Processor. 



«*#% 



Appendix 8 - Initial Heaorw Mapping 



The CADLINC BASIC HOHITOR will establish the following aeaory 



The Page nap preserves virtual addresses in all contexts! and 
allows all access types to all users for all addresses except the on- 
board RAH holding the 4014 eaulator* which is protected against all 
user-state accesses but allows all supervisor-state accesses • 




Initial Processor Heaory Hap cont'd 



73 — 




Virtual I Bates I 
Low Addrl I 



Happed I 
to* I 



098000 I 32k I HS bust 



0A0000 I 64k I HB I -01 



Physical 

Address 



(top of 
installed 
highspeed 
bus RAH) - 
32k i 



OBOOOO 


1 


64k 1 


HB aeal FDOOOO 




1 


1 


1 


ocoooo 


1 


128k 1 


HB aeal FE0000 




1 


1 


1 


0E0000 


1 


128k 1 


HS busi 7E0000 




1 


1 


1 






L 


1_ 



Noraal Contents 



4014 eaulator code 



SHB Disk controllers? 
followed by Ethernet 
aodules? extra serial I/O 
ports? tiaers? etc? 

3Com ethernet aodules 

Raster Display Module 

Floating Point Hodule 



Initial Processor Heaora Hap cont'd 





1 

Virtual 1 
Low Addrl 

I 


Bytes 


1 1 
1 Mapped ! 
1 to! 1 

l . 1 


1 

Physical 1 
Address' 1 


No real Contents 


1 

1 

1 

.1 






1 




1 1 




1 




1 




100000 


1 


5H 


1 HS bus 1 


098000 


1 


Retaining highspeed bus RAH 


1 






1 




1 1 




1 




1 




600000 


1 


2H or 1920k 1 HB teal 


000000 


1 


Hultibus RAH» etc. 


1 






1 




1 1 




1 




1 




7E0000 


1 


128k 


i HB tea 1 


FA0000 


1 


HltFunct board 0 proas» NVRAHI 






1 




1 1 




1 




1 




800000 


1 


S12k 


1 * 1 


- 


1 


Page Hap Registers 


1 






1 




1 1 




1 




1 




880000 


1 


512k 


1 * 1 


- 


1 


Context Register 


1 










1 I 




1 




1 




900000 


1 


512k 


I - | 


- 


1 


Parallel I/O Registers 


1 






1 




1 1 




1 




1 






J_ 




__J _L 




-1_ 




1 



Initial Processor Heeory Hap coni' d 






Initial Processor Heaorv Hap cont'd 



The standard physical address settings used by Cadlinc are as follows 





1 




1 




Address Range 1 


Space 


1 




| 




1 




000000 - 03FFFFI* 


Local bust 




040000 - FDFFFFI 


HS bus 


1 




1 




1 




FE0000 - FFFFFFI 


HS bus 


1 




1 




1 




i 







I 

Module I 

On-board ran I 

Dual-ported ran* I 
high-speed bus access I 
Floating Point Module I 

I 



I I I 

I Address Range i Space I 

I I I 









1 


1 




000000 - 


79FFFFI 


MB meml 




(Maximum) 




1 


1 




top to 


nextl 


MB meml 




module 




P 

1 


1 




FB0000 - 


F9FFFF 


1 


MB meml 








1 


1 




F80000 - 


F8FFFF 


1 


MB meml 








1 


1 




FA0000 - 


FBFFFF 


1 


MB meml 








1 


1 




FA0000 - 


FAFFFF 


1 


MB meml 








1 


1 




FD0000 - 


FD1FFF 


1 


MB meml 








1 


1 




FD2000 - 


FD3FFF 


1 


MB meml 








1 


1 




FD4000 - 


FD5FFF 




MB meml 








1 


1 




FD6000 - 


FD7FFF 


1 


MB meml 








1 


1 




FE0000 - 


FFFFFF 


1 


MB meml 










L 



Int* I Module I 

Level I I 



Dual-ported ran* mul- 
tibus access 
Multibus rae 

MltFunct 1 i 2764's 

HltFunct i » 2732 's 

MltFunct 0 » 2764's 

MltFunct 0 » 2732' s 



2 

2 

2 

2 

It* 



I 3Com ethernet module Oi 
i I 
I 3Com ethernet module II 
I I 
I 3Com ethernet module 21 
I I 
I 3Com ethernet module 31 
I I 
I Raster Display Module I 
1 t 



Standard Physical Addresses - Hemorv 

Note that all of the Floating Point Module is mapped? floating 
point operations are normally initiated in the logical processor par- 
tition at virtual address 0F0000* Due to nodule constraints* there is 
always a partition at this address* 









Module 



I I 



I Address ranse I Int I 

I 00D0 - 00D1 I 3 I 

I EO - E7 I 3 or 4 I 

I — E8 - _EF I 3 or 4 I 

I FO - F3 I 4 I 

I F4 - F7 I 4 I 

I 00F8 - OOFB I 4 I 

I OOFC - OOFF I 4 I 

I 01-0 - 01_6 l 2%t I 

I 0200 - 025F I 1 I 

| 8000 - 801F I 5 I 

I 8200 - 821F I 5 I 

I FFOO - FF7F l 1 I 

I I I 



CPC Tapeaaster tape cntrl 
DTC-510A/DTC-64 disk cntrl 0 
DTC-510A/DTC-84 disk cntrl 1 
Interphase SMB-2180 disk cntrl 0 
Interphase SHD-2180 disk cntrl 1 
Interphase SMB-2181 disk cntrl 0 
Interrhase SMB-2181 disk cntrl 1 
3 Mbit Ethernet Module 
Anti-aliased Raster Display Module 
MltFunct board 0 i/o ports 
HltFunct board 1 i/o ports 
Dual-ported eeaory Multibus parity 
flass/fault 



I 



1 



L 



Standard Physical Addresses - Hultibus 1-0 



tt - These interrupt levels are user-prosraanabler not 
Juaper selected! these are the default levels used* 



Appendix C - Multibus Bus Pin Assisnaents (PI) 





Hneaonic 


1 

1 


1 

Pin #1 


1 

Pin *1 


Mnemonic 


1 

1 




(IC Side) 1 




1 




1 


(Solder Side)! 






JL_ 




.i_ 




.1- 




J. 




Snd 


i 

i 


1 


1 

1 


2 


1 

1 


snd 


1 

1 




vcc 


i 


3 


1 


4 


1 


VCC 


1 




vcc 


i 


5 


1 


6 


1 


vcc 


1 




12vdc 


« 


7 


1 


8 


1 


12vdc 


1 




-5vdc 


i 


9 


1 


10 


I 


-5vdc 


1 




snd 


i 


11 


1 


12 


1 


Snd 


1 




b_bclk- 


i 


13 


1 


14 


I 


b-init- 


1 




b-bprn- 




IS 


1 


16 


1 


bJjpro- 


1 




b_busv- 


i 


17 


1 


18 


1 


b_brea- 


1 




b_ardc- 


i 


1? 


1 


20 


1 


b_ewtc- 


1 




b.iorc- 


i 


21 


1 


22 


1 


b_iowc- 


1 




b_xack- 


i 


23 




24 


1 


b_inhl- 


1 




nc 


i 


25 


l 


26 


1 


b_inh2- 


1 




b-bhen- 


i 


27 




28 


1 


b.8l6- 


1 




b.cbrot- 


i 


29 


1 


30 


1 


b-al7- 


1 




b.cclk- 


i 


31 


1 


32 


1 


b_al8- 


1 




b.ints- 


i 


33 


1 


34 


1 


b.3l9- 


1 




b_int6- 


i 


35 


1 


36 


1 


b.int7- 


1 




b-int4- 


i 


37 


1 


38 


1 


b_int5- 


1 




b-int2- 


i 


3? 


1 


40 


1 


b-int3- 


1 




b_intO- 


i 


41 




42 


1 


b-intl- 


1 




b_*14- 


i 


43 


1 


44 


1 


b_3l5- 


1 




b_3l2- 


i 


45 


1 


46 


1 


b_3l3- 


I 




b_3l0- 


i 


47 


1 


48 


1 


b_3ll- 


1 




b_»8- 


i 


49 


1 


50 


1 


b.»9- 


1 




b_36- 


i 


51 


1 


52 


1 


b.*7- 


1 




b_34- 


i 


53 


1 


54 


1 


b_*5- 


1 




b-»2- 


i 


55 


1 


56 


1 


b_«3- 


1 




b_80- 


i 


57 


1 


58 


1 


b_al- 


1 




b_dl4- 


i 


59 


1 


60 


1 


b_dl5- 


1 




b_di2- 


i 


61 


1 


62 


1 


b_dl3- 


1 




b.dlO- 




63 


1 


64 


1 


b_dll- 


1 




b_d8- 


i 


65 


1 


66 


1 


b_d9- 


1 




b_d6- 


» 


67 


1 


68 


1 


b_d7- 


1 




b_d4- 


i 


69 


1 


70 


1 


b_d5- 


1 




b_d2- 


i 


71 


1 


72 


1 


b_d3- 


1 




b_dO- 


i 


73 


1 


74 


1 


b_dl- 


1 




Snd 


i 


75 


1 


76 


1 


snd 


1 




nc 


i 


77 


1 


78 


1 


nc 


1 




-12vdc 


i 


79 


1 


80 


1 


-12vdc 


1 




vcc 


i 


81 


1 


82 


1 


vcc 


1 




vcc 


i 


83 


1 


84 


1 


vcc 


1 




Snd 


i 

i 


85 


1 

I 


86 


1 

| 


snd 


1 

l 






1 

_L_ 




1 

-1- 




1 

1 . 




1 

JL 




Appendix 0 - Highspeed Bus Pin Assisneents <P2) 









1 




1 


. 


1 




Hneaonic 


Pin *1 


Pin *1 


Mnemonic 


1 




(IC Side) 




1 




1 


(Solder Side) 


1 








JL 




. 1 _ 




.1 






*_pre<*- 


1 


1 

1 


2 


1 

1 


«.W3it- 


1 

1 




•.■s20 


3 


1 


4 


1 


■.■323 


1 




■_r/w- 


3 


1 


6 


1 


■jis21 


1 




■_*3l9 


7 


1 


8 


1 


■.■322 


1 




■_uds- 


9 


1 


10 


1 


■.Ids- 


1 




■.rfensb 


11 


1 


12 


1 


*_cs5- 


1 




nc 


13 


1 


14 


1 


■J318 


1 




»-perr- 


15 


1 


14 


« 


■_*3l7 


1 




*_dl- 


17 


1 


18 


1 


B_d0- 


1 




■_d3- 


19 


1 


20 


1 


«.d2- 


1 




nc 


21 


1 


22 


1 


■.30 


1 




■_d4- 


23 


1 


24 


1 


nc 


1 




nc 


23 


1 


26 


1 


•_d5- 


1 




•.S3 


27 


1 


28 


1 


nc 


1 




•.dy- 


29 


1 


30 


1 


■_d6- 


1 




ne 


31 


1 


32 


1 


■.31 


1 




nc 


33 


I 


34 


1 


■.36 


1 




«.d8- 


35 


1 


36 


1 


•_d9- 


1 




•.37 


37 


1 


38 


1 


nc 


I 




nc 


39 


1 


40 


1 


■.32 


1 




■_dl0- 


41 


1 


42 


1 


*_dll- 


1 




snd 


43 


1 


44 


1 


snd 


1 




nc 


45 


1 


46 


1 


■.34 


I 




»_dl2- 


47 


1 


48 


1 


■_dl3- 






nc 


49 


1 


SO 


1 


nc 


1 




nc 


51 


1 


52 


1 


■.35 


1 




■_dl4- 


53 


1 


54 


1 


■_dl5- 


1 




b_322- 


55 


1 


56 


1 


b.s23- 


1 




b_s20- 


57 


1 


58 


1 


b-321- 


1 




nc 

i 


59 


1 

1 

. 1 . 


60 


1 

1 


nc 


1 

■ 




1 




1 

. 1 . 




1 

.1 



Symbols used! 
nc * No Connection 
end ■ Ground 




Appendix E - Coenunications end Parallel Ports 





J1 Coneunication Port; 


1 . J2 Parallel 


Port; 


1 

_i 




1 


2 


1 

I J2.in0 


1 


2 


and 


1 

1 




Jl.pl.txd 3 


4 


1 J2.ini 


3 


4 


and 


1 




Jl.pl.rxd 5 


6 


1 J2.in2 


5 


6 


and 


1 




7 


8 


1 J2.in3 


7 


8 


and 


1 




9 


1° , 


1 J2.in4 


9 


10 


and 


1 




11 


12 


1 J2.in5 


11 


12 


and 


1 




and 13 


14 


1 J2.in6 


13 


14 


and 


1 




IS 


16 


1 J2.in7 


15 


16 


and 


1 




17 


18 


i J2»in8 


17 


18 


and 


1 




19 


20 


1 J2.in9 


19 


20 


and 


1 




21 


22 


1 J2*inl0 


21 


22 


and 


1 




23 


24 


i J2.inll 


23 


24 


and 


1 




25 


26 


1 J2.ini 2 


25 


26 


and 


1 




27 


28 Jl«p2.txd/rxd 


1 J2.inl3 


27 


28 


and 


1 




29 


30 Jl»p2»rxd/txd 


1 J2.ini 4 


29 


30 


and 


1 




31 


32 J2»p2»rts 


1 J2»inl5 


31 


32 


and 


1 




33 


34 J2.p2.cts 


1 oe.port- 


33 


34 


and 


1 




35 


36 


1 


35 


36 


and 


1 




37 


36 stnd 


1 


37 


38 


and 


1 




Jl.p2*dtr 39 


40 




39 


40 


and 






41 


42 


1 w/r- 


41 


42 


and 


1 




43 


44 


f J2.3S 


43 


44 


and 


1 




45 


46 


1 set. ini t- 


45 


46 


and 


1 




47 


48 


1 J2.halt- 


47 


48 


and 


1 




49 


50 


1 vcc 

1 


49 


50 


and 


1 

1 








1 

J 








1 






Appendix F - Protection PROH Code 
/% Protection Pro* for Enhanced Processor */ 

/% 21-JAN-83 Georse Kiewicz Changed state of sssacc.i %/ 



♦include <cad68/pro»l.h> 



♦define protl a2 
♦define prot2 a8 
♦define prot3 al 
♦define protO aO 

♦define s«sacc_i a7 
♦define fcl aS 
♦define fcO a4 
♦define read a3 

♦define fc2 a6 



♦define prot (protOWO t protltdl + prot2*d2 + prot3W3) 
♦define s»s_access (sssacc.i) 

♦define execute-cycle (fcl It !fcO tt read) 

♦define read-cycle < ! fcl tt fcO tt read) 

♦define write.cvcle <!fcl tt fcO tt (read) 



char protcodeC163C73 * 
< 



> ) 



0 * 'f 

t ■— x 

1 *r '* 

3 * r_x *» 

t( *rw '» 

t' ' rwx _* t 

£ *r— r — •» 

*7 *ru_r * i 

? *r re-* i 

<? *rw_rw_* t 
a - 'rw-P-x'f 

b- *r«_rwx*» 
C 'r_xr_x*» 
d *rwxr_x' » 

L *r«x x* » 

H *rwxrwx* 




saaperr<add) 
ini add? 

•C 

int res « 0» 

res I* (fc2 tt read_cscle tt (protcodeCprotXO] *= 'r'))?l}05 
res I* ( fc2 tt write.cscle tt (protcodeCprot3C13 == 'wOJTIJOf 
res I* (fc2 tt execute.cvcle tt (protcodeCprot3C23 == 'x' > )?1 10? 
res I* (!fc2 tt read-csde tt (protcodeCprot3C33 == 'r'))?lJ0» 
res I* (!fc2 tt urite.cscle tt (protcodeCprot3C43 *= 'w # ))?ltO» 
res I* (!fc2 tt execute.cucle tt (protcodeCprot3C53 == 'x'))?ltO 
res * (res tt !sus_access)?l»0; 
return(res)» 

> i 

•ain<> 

< 

size(512)» 

pro»(d4»0)f 

pros<dS>0)> 

pro»(d6f saaperr(add) ) ) 
pro*(d7t lsD3perr(add) ) I 
prolosblasti 

> 



— 83 — 




Appendix G - PAL Codes 



The Series 80A Processor Makes extensive use of PALs (Prodraaa- 
able Array Lodic I.C.) to perfora aost of the necessary discrete 
Iodic* Each PAL is coded to use its inputs as eleaents of a Iodic 
eouation* in either *1* state or *0* stater lodically 'anded* into 
•product* lines that can be *ored* with as aany as 6 aore 'product* 
lines* The tri-state output can be controlled by an 8th 'product* 
line* Six of the eidht outputs can be fed-back into the internal 
Matrix and used as aore input eleaents* Two pins are then dedicated as 
outputs only* and ten as inputs only* 

PALs dive the Processor dreat flexibility by eliainatind a dreat 
aany discrete I*C*s and consolidated their functions into a saall 
nuaber of prodraaaable chips* Board layout is aided by the aostlw 
arbitrary pin assidnaent structure* which can be better Manipulated by 
firaware than by artwork* 

The followind pades are the Iodic eouations for the individual 
PALs on board the Series 80A Processor. The foraat here is as the 
Structured Desidn S020/24 PAL prodraaaer reauires* called PALASH* 
Soae aneaonics have been abbreviated for clarity and all are in 
upper-case letters. 

One type of PAL chip is used for all 5 Processor PALS* the 
PAL16L8-A* and prodraaaed with individual code* All eouations are 
evaluated to yield 'low true* results* This reduces the reouireaent 
for extra Iodic inverters since aost IC's with control sidnals are 
'low true* anyway. A few aneaonics* e»d. DS* SYSACC and BHEN* are 
written for a *hidh true* output* so their Iodic eouations tend not to 
be as straidhtforward as the others* The Iodic syabols used are! 

*/* When aneaonic is low true* otherwise hidh true* 

'** Lodical AND. 

•** Lodical OR. 

*«* When Ridht side of eouation is true* aake the Left aneaonic low. 




Appendix G.l - PALPO 



PAL1&L8 

pbIpO prod 3 rev 0.0 seorse Kiewicz 
sastea control pal 

cadlincf inc.J 55 park st.» trow» aich 48083 
rw as fc2 boot a23 a22 a21 a20 ds and 

al? clrboot oecx devenab ceaap oeport weaap wecx sysacc vcc 

/sysacc=3s + /as * /boot t /a23 
+/as * boot * /rw * /a23 



/ce»ap*fc2 * ds * a23 * /a22 * /a21 * /a20 * /al? 

/weaap=fc2 * ds * a23 * /s22 * /a21 t /a20 * /al? * /rw * /as 
/oecx*fc2 * ds * 323 * /a22 * /a21 * /a20 * al? * rw 



/wecx»fc2 * ds * 323 * /a22 * /a21 * /a20 * al? * /rw * /as 

/oePort=fc2 * ds * a23 * /a22 t /a21 * a20 * /al? 

/clrboot=fc2 * ds * a23 * /a22 * /a21 * a20 * al? * /rw * /as 

/devenab=fc2 t ds t s23 t a22 

+fc2 * ds * /a23 * /a22 * /a21 * /a20 * /al?*boot*rw 



description 

18-arr-83 chans ins -oeport- to read-wri te> and chans ins -clrboot- 
address to 0x?80000» 

sasacc chansed to hish for ssstea* low for aanased 20- Jan-83 



sastea addresses! 

800000 - paSeaap reSisters 
880000 - context resister 
900000 - parallel port 
980000 - clear boot 
C00000 - proa 0 
C80000 - proa 1 
dOOOOO - uart 
d80000 - tiaer 
f80000 - hardware vpa 



r-w 

r-w 

r-w 

w 

r 

r 

r-w 

r-w 

not used by software 
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Appendix G.2 - PALPI 



PAL14L8 

psIpI prod 5 rev 0.0 seorae kiewicz 
perits control 

cadlinc inc» 55 park st.» troa* » *ich. 48083 

oera* bl *a20 »a22 *al9 *perr prtaenab parerru parerrl and 
lperr enlperr parerr onbrd *al8 rw »a21 *323 wr vcc 

/onbrd = /*al8 * /»al9 * /*a20 * /*a21 * /*a22 * /*a23 * /oera* 

/wr * rw 

/enlperr * /onbrd * /oera* t parerru * rw 
+ /onbrd * /oera* * parerrl * rw 

/parerr = /lperr * prtsenab 
+ /»perr * prtaenab 

description 

version 2 of parity implementation. 

version 4 of parity stuff for the box (sorry* don), trains bl in 
aeneratina /onbrd to avoid aettina /cas durins Multibus access. 
14-*ar-83 

version 5 aettina rid of /bl in /onbrd ad replacind with /oera*. 
l8-»ar-83 




Appendix G.3 - PALP2 



PAL16L8 

ps1p2 prod 5 dak 
bus status 

cadlincf inc.» SS park st*» trow aich 48083 

bl parerr saaperr Ids tiaeout uds sasacc aen cs5 and 
eslO bhen xack ds berrx ioa dtaek fc2 berr vce 

/berr * cs5 * ds It sasacc It /fc2 
+ cs5 * ds t /parerr 
t cs5 It ds It /sasacc It /saaperr 
■i ds It tiaeout 

+ cs5 * ds t /sasacc It ioa I: /bl 

/berrx = tiaeout 
+ /parerr 
+ /saaperr 
+ ioa It /bl It ds 

/dtaek ■ cs5 * sasacc It cslO 

+ cs5 * /sasacc * /ioa * /bl It berrx 

+ csS It /sasacc It bl It ioa It /aen * xack * berrx It cslO 

4 cs5 < /sasacc It bl It /ioa It /aen It xack It berrx 

4 cs5 It /dtaek It berrx 

/ds * Ids * uds 

/bhen * Ids 4 uds 

description 

ll-aaa-83 oualifa -dtaek- with -cslO- during a aultibus io access 
onla. aultibus aeaora is unchanged* 

28-aar-83 latched dtaek with csS* also insert berrx into dtaaek. 
generate bus controls dtaek and berr for the 68000 
on clockstate cs5» sasacc* and error info* 

also produce data strobe -ds- and aultibus bate high enable -bhen- 
froa 66000 data strobes -Ids- ad -uds-* 

sasacc sense changed* high for sxstear low for aanaged. 20- Jan-83* 
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Appendix G.4 - PALP3 



PAL16L8 

ps1p3 prod 6 Georse kiewicz 
reauest and wait Generators 

cadlincf inc.» 55 park st.» tro«» aich 48083 

bl as saaperr cs6 clOO weapl sen cs3 cs4 and 

•wait aprea bas we*px enablto cswait boot a23 enpx vcc 

/weapx = /weapl t /as 

+ cs6 t snaperr * /as 

/enpx * cs6 * saaperr 

/cswait = /as * /a23 * /clOO * /cs4 * /boot 

+ /as * /a23 * /bl * /await * / C s4 * /boot 

+ /as * /a23 * bl * aen * cs3 * /cs4 * /boot 

/enablto * /as * /a23 * /bl 

+ /as * /aen * bl * /a23 

/•prea = /as * /a23 * /bl * /boot * cs3 

/bas * cs3 * /a23 * bl * /boot 

description 

23-aaw-83 reaove -cs3- froa -cswait eauation. this allows for a 
sloppier -as- to synchronize back to Generate -cs3- on a low 
state of -clOO-. initially to fix fluke inability to access 
dual port aeaarvi this will also clean any aarsinal 68000 parts 
whose tiainss are at the Ions end of the spec. 

12-aay-83 

add -aen- and -bl- into eauation for -cswait- to saueeze out 
a bit aore tiae for aultibus accesses, 
produce hishspeed bus reauest -aprea- and aultibus 
reauest -bas- only durins a aanased access (/a23>. 

Generate -cswait- to insert a wait when the hishspeed bus 
is not ready (await). 

4-aar iaprove -enabto- Generation on aanaGed reauest to aultibus 
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Appendix G.5 - PALP4 



PAL16L8 

pb1p4 prod 4 sak 

multibus? local ran and io read-write controls 
cadlinc 

sasacc ioa bl rw berrx cs6 Ids uds cesio and 

cetiaer awtc dtack weraau oeraa weraal iowc iorc ardc vcc 

/awtc * cs6 * /rw t bl t /ioa t berrx * /sasacc t /Ids 

4 cs6 t /rw * bl * /ioa * berrx t /sasacc * /uds 

/ardc * cs4 * rw * bl * /ioa t berrx * /sasacc t /Ids 

4 cs6 * rw t bl t /ioa * berrx * /sasacc * /uds 

/iorc * cs& * rw * bl t ioa t berrx t /sasacc * /Ids 

4 cs£ * rw t bl * ioa * berrx * /sasacc * /uds 

4 csd t rw * sasacc t /cetiaer * /Ids 

4 cs6 t rw t sasacc * /cetiaer * /uds 

4 cs6 t rw * sasacc * /cesio * /uds 

/iowc * cs6 t /rw * bl * ioa * berrx * /sasacc * /Ids * dtack 

4 cs6 t /rw t bl t ioa * berrx * /sasacc * /uds * dtack 

4 cs6 * /rw t sasacc * /cetiaer t /Ids 

4 cs6 * /rw * sasacc * /cetiaer t /uds 

4 csA * /rw * sasacc * /cesio * /uds 

/oeraa * /bl * /ioa t berrx * /sasacc * /Ids 
4 /bl * /ioa * berrx * /sasacc * /uds 

/weraau * /rw * /bl t /ioa * berrx * /sasacc t /uds 

/weraal * /rw * /bl * /ioa * berrx * /sasacc t /Ids 

description 

28-aar-83 added dtack to aultibus writes to turn coaaand off 
also swapped Pins 12 and 13 to aake rooa for dtack 
sasacc sense changed to hish for sastea> low for managed « 
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